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Description

Field of the invention

[0001] The present invention concerns a method for
creating a cephalometric image as well as a related sys-
tem.
[0002] The present invention relates to the field of den-
tal extra-oral imaging systems.
[0003] More specifically, the present invention relates
to cephalometric imaging, namely a linear projection of
the human skull or part of the human skull.

Background

[0004] The 2D cephalometric radiograph is an imaging
technique which produces a linear projection of a human
head on a flat 2D sensor (or, in more general terms, an
imaging layer of an imaging device).
[0005] Cephalometric analysis is a technique com-
monly employed by orthodontists, dentists, et al. to an-
alyze the dimensional relationships in the craniofacial
complex, to predict future changes, to assess the effect
of ongoing treatment plans, to evaluate the patient’s den-
tomaxillofacial proportions, and to aid in the diagnosis of
abnormalities and asymmetries.
[0006] Consequently, there is a need for a system
which produces high-resolution cephalometric images.
[0007] A planar imaging system has two types of res-
olution: an in-plane spatial resolution, in the direction par-
allel to the imaging layer of the imaging device; and a
depth resolution, perpendicular to the imaging layer of
the imaging device.
[0008] The image depth resolution depends primarily
on the width of the sensor along the direction of move-
ment and the actual movement trajectory.
[0009] In the known extra-oral systems for performing
panoramic imaging, the sensor is typically narrow in as-
pect, long and with a small width. In order to obtain a
linear projection of the entire human skull (cephalometric
image), the imaging system includes a cephalometric or
"ceph" arm: the panoramic sensor is attached on the "ce-
ph" arm in the cases where a cephalometric image is
needed.
[0010] As a consequence, a large distance is provided
between the X-ray source and the sensor, in order to
minimize distortions and magnification disproportions in
the projected image. Such a cephalometric arm is cum-
bersome. Moreover, this technique creates a cephalom-
etric image where both the left and right sides of the pa-
tient’s cranium are superimposed at different degrees of
magnification, which can result in image distortion and
may be of limited diagnostic and therapeutic utility. The
document US 2010/208866 A1 discloses an extra-oral
dental imaging system with a detector having a width
varying along a height direction. The parts of the detector
with different widths might be used for simultaneous ac-
quisitions of a panoramic image and a tomographic im-

age.
[0011] The document US 8 306 181 discloses an extra-
oral dental imaging system with a sensor capable of pro-
ducing a cephalometric image without the use of an ad-
ditional "ceph" arm.
[0012] An elongated rectangular sensor is used with
an aspect ratio m:n superior to 1.5, wherein m is the long
dimension of the active area of the sensor and n is the
short dimension of the active area of the sensor.
[0013] The sensor and the X-ray source are displaced
together along a trajectory divided into three segments:
a first exposure, a non-radiating movement and a second
exposure. During the two exposure segments, the left
and right side of the skull are imaged.
[0014] The two segments of the profile during which
the skull is exposed to radiation are substantially linear.
The length of the linear exposure is generally more than
5 cm, but in any case long enough to produce data that
can be used to produce a volumetric reconstruction of
an image to be displayed.
[0015] The distance between the focal point of the X-
ray source and the imaging device is small compared to
the standard case with the "ceph" arm.
[0016] After the exposures, a volumetric reconstruc-
tion algorithm is used to calculate vertical slices along
the imaging direction. The content of each individual slice
is reconstructed using tomosynthesis techniques. The
vertical slices are then transformed to eliminate different
magnification factors of different vertical slices, and then
added together to produce a 2D cephalometric image or
2D cephalogram.
[0017] A volume reconstruction with an acceptable
depth resolution necessitates the use of a sensor with
an active area that is sufficient in the scanning direction.
By "active area," it is meant the area of the sensor which
is irradiated during the scan and which actually partici-
pates in the image reconstruction process.
[0018] It has been observed that the use of an active
area in the shape of a narrow strip is inappropriate for
realizing a three-dimensional reconstruction of accepta-
ble quality. On the other hand, the larger the size of the
x-ray sensor in the scanning direction, the larger the x-
ray dose must be administered to the patient. In other
words, having a high depth resolution is disadvantageous
in that it requires a high x-ray dosage to the patient.
[0019] It is noted that what constitutes a sufficient
depth resolution depends on the part of the body being
imaged. However, certain parts of the body, either be-
cause they are not of primary importance from a diag-
nostic or therapeutic standpoint or because they are sim-
ply not complex structures, do not need to be reconstruct-
ed with a high level of detail. For example, while the man-
dibles and dentition must be imaged with a great deal of
detail, the rest of the skull can be imaged at a much lower
level of detail and still produce a useful image. Such parts
generally comprise a lower number of anatomical "land-
marks," and thus a lower depth resolution is satisfactory.
[0020] There is thus a need for a system and method
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for imaging that is able to adapt the depth resolution, and
by extension the local radiation dose, to the structure of
the irradiated anatomy.
[0021] The present invention aims to address, in whole
or in part, at least the foregoing and other deficiencies in
the related art.

Summary of the invention

[0022] The invention is defined by the independent
claims, further embodiments of the invention are defined
by the dependent claims. According to one aspect of the
disclosure, there is provided a method for creating a ce-
phalometric image of at least part of a human skull in an
extra-oral dental imaging system, said system compris-
ing an X-ray source for irradiating an object to be imaged;
an imaging device suitable for producing multiple frames
during at least part of an exposure of said object; a ma-
nipulator for displacing the imaging device along an ex-
posure profile between multiple frames during said at
least part of the exposure of said object, the manipulator
permitting the movement of the imaging device along a
scanning direction.
[0023] According to the disclosure, said method com-
prises steps of setting said imaging device with an active
area having in an imaging plane a width, extending along
said scanning direction, said width varying along a height
direction perpendicular to said scanning direction; syn-
chronously displacing the X-ray source and the imaging
device along said exposure profile; and registering said
multiple frames produced by the imaging device during
the exposure of said object to be imaged.
[0024] Due to the use of an imaging device with an
active area varying in the height of the imaging device,
the depth resolution may be adapted to the regions of
interest of a human skull for creating a cephalometric
image.
[0025] Such an adapted active area of the imaging de-
vice provides a good compromise between the depth res-
olution obtained in a direction perpendicular to the plane
of the image (needed for creating the cephalometric im-
age), and the X-ray dose on the patient skull.
[0026] Thus, thanks to the 3D information, an accurate
landmarking may be generated and precise reference
points may be used for the cephalometric analysis. Pref-
erably, said active area is symmetric in said imaging
plane, with a central axis extending along said height
direction of said active area.
[0027] This is advantageous in that the method can be
executed to scan from both the left and right sides of the
head, without any deformation or visual artifacts pro-
voked by the asymmetry of the active area.
[0028] In a possible embodiment, said active area has
at least two portions having widths different from each
other, said two portions being superposed in said imaging
plane along said height direction.
[0029] In possible embodiments, the height of the ac-
tive area is between 120 mm and 280 mm, with the width

of the first portion being between 2 mm and 50 mm and
the width of the second portion being between 50 mm
and 140 mm.
[0030] In an advantageous embodiment, said active
area has at least three portions with respectively three
different widths.
[0031] This is advantageous in that, through the use
of at least three active portions, the depth resolution of
the scan is more closely tailored to the anatomy being
scanned.
[0032] Most preferably, said active area has a central
portion, a lower portion, and an upper portion each ex-
tending along said height direction in said imaging plane,
the width of the central portion is larger than the width of
the lower portion and the width of the lower portion is
larger than the width of the upper portion.
[0033] The three portions can be made to correspond
to three regions of the anatomy for which cephalographs
are of particular interest: the cranium, the jaw and den-
tition, and the chin and vertebrae.
[0034] Since each of these regions has a different level
of structural complexity, the widths of each of the portions
can be made to correspond to the desired level of depth
resolution for the region to which it corresponds.
[0035] Such a configuration of the active area gives a
good differentiation in depth resolution, along with ac-
ceptable levels of X-ray dosing, for many medical appli-
cations.
[0036] In a possible embodiment, the method further
comprises a step of computing the multiple frames pro-
duced during at least one part of the exposure by a shift-
and-add processing, thereby reconstructing at least one
slice; or by a volumetric approach, thereby reconstructing
a three-dimensional volume and subsequently extracting
at least one slice from said volume; said at least one slice
from said volume containing in-focus imaging data be-
longing respectively to at least one depth of said object
to be imaged.
[0037] In this way, a three-dimensional model of the
patient’s anatomy is constructed, providing high-resolu-
tion, high-precision information that is not limited to a
narrow "focal trough" but is rather of a consistently high
quality through the entire depth of the scan.
[0038] Moreover, from this model, high-quality simula-
tions of conventional imaging scans can easily be ex-
tracted and/or extrapolated, maximizing the diagnostic
and therapeutic utility of each scan.
[0039] In possible embodiments, the volumetric ap-
proach is selected from a Statistical Algebraic Recon-
struction Technique (SART), a Statistical Iterative Re-
construction Technique (SIRT), or a Filtered Back Pro-
jection Technique.
[0040] Such approaches are advantageous in that they
yield a high-quality reconstruction of the subject while
limiting the X-ray dosage incurred. In particular, certain
a priori information is employed so as to refine the recon-
struction, such as the positions of certain anatomical fea-
tures in the patient’s cranium. This in turn refines the
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reconstruction and improves the quality of the images
produced from it.
[0041] Preferably, the method further comprises a step
of using each reconstructed slice for the extraction of
cephalometric features.
[0042] Most preferably, in a step of automatic cepha-
lometric tracing, said extracted cephalometric features
of each slice are put together.
[0043] In this way, a complete cephalometric image is
constructed, thereby enabling e.g. a dentist to perform
diagnostic and therapeutic procedures based thereupon.
[0044] In a possible variant embodiment, several slices
are reconstructed and combined to give a separate linear
projection for the left and right sides of said object to be
imaged.
[0045] In this way, a pair of cephalometric images is
constructed with a single scan, reducing X-ray dosage
to the patient while providing bilateral cephalometric in-
formation.
[0046] In another possible variant embodiment, sever-
al slices are reconstructed and retro-projected to a dis-
tance superior to 1.50 meters, and preferably superior to
4 meters, on a cone beam or parallel geometry so as to
create a synthesized 2D cephalogram of the skull.
[0047] This is advantageous in that a traditional 2D ce-
phalogram is produced, without requiring an extra "ceph
arm" or the space to accommodate it, or any additional
X-ray exposure to the patient.
[0048] According to another embodiment, the method
for creating a cephalometric image of a part of a human
skull comprises the following steps:

- synchronously displacing the X-ray source and the
imaging device along a first part of said exposure
profile, said X-ray source being in an upper position
along said height direction;

- registering said multiple frames produced by the im-
aging device during said first part of the exposure
profile;

- synchronously displacing the X-ray source and the
imaging device along a second part of said exposure
profile, said X-ray source being in a lower position
along said height direction;

- registering said multiple frames produced by the im-
aging device during said second part of the exposure
profile; and

- combining said multiple frames registered during
said first and second parts of the exposure profile.

[0049] Thus, the patient skull is scanned with an X-ray
source at several discrete positions along the height di-
rection.
[0050] According to another aspect, there is provided
an extra-oral dental imaging system for creating a ce-
phalometric image of at least part of a human skull, such
system comprising an X-ray source for irradiating an ob-
ject to be imaged, an imaging device suitable for produc-
ing multiple frames during at least part of an exposure of

said object; a manipulator for displacing the imaging de-
vice along an exposure profile between multiple frames
during said at least part of the exposure of said object,
the manipulator permitting the movement of the imaging
device along a scanning direction
[0051] According to the invention, said imaging device
has an active area having in an imaging plane a width
extending along said scanning direction, said width var-
ying along a height direction perpendicular to said scan-
ning direction; and said manipulator synchronously dis-
places the X-ray source and the imaging device along
said exposure profile; and said imaging device comprises
memory for registering said multiple frames produced by
the imaging device during the exposure of said object to
be imaged.
[0052] Such an apparatus is advantageous in that it
realizes the advantageous aspects of the method and
variants described above.

Brief description of the drawings

[0053] The foregoing and other objects, features and
advantages of the invention will be apparent from the
following more particular description of the embodiments
of the invention, as illustrated in the accompanying draw-
ings.
[0054] The elements of the drawings are not neces-
sarily to scale relative to each other. Some exaggeration
may be necessary in order to emphasize basic structural
relationship or principles of the invention. Some conven-
tional components that would be needed for implemen-
tation of the described embodiments, such as support
components used for providing power, for packaging,
and for mounting and protecting x-ray system compo-
nents, for example, are not shown in the drawings in order
to simplify the description.

Figure 1A is a diagram showing a perspective view
of an extra-oral dental imaging system according to
a first embodiment of the invention;
Figure 1B is a detail of an alternate configuration of
a patient support for the imaging system of Figure 1A;
Figure 1C is a representation of the voxel size and
shape realized by the method of the invention and a
scan according to a CBCT method of the art;
Figure 2 is a diagram showing an exemplary expo-
sure profile performed in a method for creating a ce-
phalometric image according to a first embodiment
of the invention;
Figures 3A and 3B are diagrams showing exempla-
ry active areas of an imaging device provided in the
method for performing a cephalometric image ac-
cording to the first embodiment of the invention;
Figure 4 is an illustration of voxels produced by im-
aging device according to the first embodiment of
the invention, superimposed onto a human skull;
Figure 5 is an illustration of voxels produced by an
imaging device according to a first embodiment of
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the invention, compared with voxels produced by the
same technique with a narrow rectangular sensor;
Figure 6 is an illustration of a collimator for an im-
aging device according to a first embodiment of the
invention;
Figure 7 is an exemplary configuration for a gantry
of the imaging system depicted in Figure 1A;
Figure 8 is a flow chart that shows an exemplary
method for performing a cephalometric image ac-
cording to one embodiment of the invention;
Figure 9 is an example of the in focus features ex-
tracted from a slice on the zero sagittal plane of a
human skull; and
Figure 10 is an example of the superimposition of
the in focus features extracted from all slices belong-
ing to a left part of a human skull; and
Figure 11 is an alternative embodiment of an expo-
sure profile performed in a method for creating a ce-
phalometric image.

[0055] Figure 1A illustrates the general configuration
of an extra-oral dental imaging system 100 according to
a first embodiment of the invention. The imaging system
100 comprises a sensor 101 and an X-ray source 102.
The sensor 101 and the X-ray source 102 are mounted
in this embodiment on a gantry 103 which is itself fas-
tened to a horizontal mount 104.
[0056] The horizontal mount 104 is fixed to a vertical
column 105 which may comprise classical telescopic
means not disclosed here below, permitting to set the
height of the imaging system.
[0057] The imaging system also comprises a patient
holder 106 which maintains the patient head in a defined
and fixed position under the gantry 103, between the X-
ray source 102 and the sensor 101 during the imaging
process.
[0058] The patient holder 106 may be similar to a pa-
tient holder used, in prior art, on a cephalometric imaging
arm to maintain the patient head during the exposure.
[0059] As an alternative embodiment, the patient hold-
er 106 may be composed of two ear rod holders 108
supporting two ear rods 109 to be inserted in the patient’s
ear canals 201, as illustrated in Figure 1B. The two ear
rod holders are symmetrically slideable on each side to
adjust to the width of the patient’s head 200.
[0060] A nosepiece 110 is adjustable in the horizontal
and vertical directions to be positioned exactly at the
bridge (nasion) of the patient’s nose 202. The ear rods
109 inserted into the ear canals 201 of the patient block
any possible movement of the patient’s head, except the
rotation of the head about an axis passing through the
two ear rods 109.
[0061] The nosepiece 110 thus serves to prevent such
movement, constraining the patient’s movement in this
last degree of freedom. A mount 107 supports the ear
rod supports 108 and the nosepiece 110, and can be
fitted on the mount 104 of the imaging device through
the gantry 103.

[0062] In an alternative embodiment, the patient holder
106 can be fixed with an arm (not represented on the
vertical column 105); this will allow, in certain situation,
a greater deal of freedom in the configuration and oper-
ation of the imaging system.
[0063] The X-ray source 102 is adapted to irradiate the
object to be imaged, and in this embodiment, at least a
part of a human skull for creating a cephalometric image.
[0064] The sensor 101 forms an imaging device suit-
able for producing multiple frames during the exposure
of the object to be imaged.
[0065] In one embodiment, it is envisioned that the X-
ray sensor 101 is a charge-coupled device (CCD), a
CMOS sensor, or a TFT sensor, as such a device could
be easily integrated into a computerized imaging system
with minimal adaptation.
[0066] The gantry 103 forms a manipulator for displac-
ing the sensor 101 and the X-ray source 102 along an
exposure profile.
[0067] Thus, the manipulator or gantry 103 permits the
movement of the X-ray source 102 and the sensor 101
by means of a selective translation and a selective rota-
tion.
[0068] Figure 1C illustrates the result of the invention
as compared to that of a Cone-Beam Computerized To-
mography (CBCT) technique as known in the art. The
grid 150 is a representation of the result of the method
of the present invention, while the grid 160 is represent-
ative of the result of the CBCT method. In particular, it
can be seen that the area in the x-y plane of each of the
"blocks" 151 is very small compared to the blocks 161,
meaning that the in-plane resolution of the method ac-
cording to the present invention is very high compared
to that of the CBCT method.
[0069] On the other hand, the depth resolution is not
as fine (as can be seen in the increased height of the grid
150 relative to the grid 160). However, for cephalometric
purposes the depth resolution of the method of the
present invention is nonetheless acceptable, and the x-
ray dosage remains very low compared to CBCT.
[0070] Turning now to Figure 2, the exposure profile
of the imaging system 100 is illustrated in greater detail.
[0071] The exposure profile is performed for instance
when creating a cephalometric image of a part of human
skull.
[0072] During the exposure of the patient 200, the X-
ray sensor 101 is suitable for producing multiple frames.
[0073] As known in an extra-oral dental imaging sys-
tem, it comprises a memory for registering the frames
produced by the imaging device.
[0074] In this embodiment, the imaging system com-
prises a memory for registering the multiple frames pro-
duced by the X-ray sensor 101 during the exposure of
the patient skull.
[0075] The imaging system 100 is first positioned about
a patient 200, such that the sensor 101 and the X-ray
source 102 are disposed in an initial position A. The initial
position A of the X-ray sensor 101 and the X-ray source
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102 are such that a line drawn between them lies just
forward of the face of the patient 200.
[0076] The X-ray sensor 101 and the X-ray source 102
are swept past the patient 200 as displayed in Figure 2;
more specifically, the X-ray sensor 101 and the X-ray
source 102 are shown in the initial position A mentioned
above, a final position C, and an intermediate position B
between the initial position A and the final position C.
[0077] The effect of this displacement is twofold: the
X-ray sensor 101 and the X-ray source 102 are rotated
through an angle θ, while simultaneously translating
along an X-axis from the initial position A to the end po-
sition C.
[0078] Thus, the X-ray source 102 and the X-ray sen-
sor 101 are synchronously displaced along the exposure
profile as depicted in Figure 2. The exposure profile com-
prises at least one substantially linear section between
the initial position A and the end position C.
[0079] As illustrated in Figure 2, the X-ray source 102
and the X-ray sensor 101 are translated while rotating in
the same direction. The angular range θ of the rotational
movement of the sensor 101 and the X-ray source 102
is at least equal to 15°, and preferably equal to 30°.
[0080] In this way, thanks to the limited rotation of the
sensor 101 and the X-ray source 102, the profile of the
patient is irradiated and imaged with an almost perpen-
dicular angular incidence; the curvature of the trajectory
of the x-ray source 102 and the x-ray sensor 101 are
exaggerated here for illustrative purposes. The trajectory
of the gantry can be considered in gross as being a sub-
stantially linear path, in that the rotation of the gantry is
minimal relative to its translation.
[0081] As can be seen in Figure 2, the patient is posi-
tioned close to the sensor 101, so that the distance be-
tween the sensor 101 and the patient 200 is lower than
the distance between the patient 200 and the x-ray
source 102. This limits the distortion of the image due to
the conical shape of the x-ray beam emitted by the x-ray
source 102.
[0082] The curvature of the trajectory of the x-ray
source 102 is directed towards the patient 200, and the
curvature of the trajectory of the sensor 101 is directed
away from the patient. There thus exists an instantane-
ous center of rotation that is located on the other side of
the sensor 101 from the x-ray source 102. As the patient
200 is located close to the sensor 101, the distance be-
tween the patient and the instantaneous center of rotation
is minimized when the instantaneous center of rotation
is on the side of the sensor 101, as illustrated in Figure
2, resulting in a higher depth resolution.
[0083] For any volume element (voxel) position, it is
ideal that the average directions of all rays passing
through said position to match as closely as possible the
ray direction of a true 2D cephalometric image, i.e. that
which would be produced by an apparatus with the sen-
sor placed at the end of the long "ceph arm" mentioned
above. This in turn means that the tomosynthesis blur
function will have minimal magnification and distortion

artifacts.
[0084] This top view of the system does not show the
path of the x-rays in the Z-direction. The average ray
direction of CBCT x-rays will have a Z-component whose
magnitude increases with distance from the primary
plane. This means that the blur (associated with the lim-
ited tomosynthetic depth resolution) will "smear" anatom-
ic features in a direction other than the ray direction of
true two-dimensional cephalometric rays. The direction
of this smear will align less closely with the true (and
desired) 2D cephalometric ray direction as the rays pass
through anatomy that is further form the plane and closer
to the head and neck of the patient. Without highly accu-
rate (i.e. fine) depth resolution, this will lead to blurring
in a simulated cephalometric reprojection of the data out-
side of a very thin focal trough.
[0085] In the CBCT process, this depth resolution is
created from the information captured by multiple x-ray
beam paths through each voxel from the CBCT projec-
tions. If the sensor 101 were very large such that the
entire head, or nearly the entire head, were captured in
each projection, there would be a lot of flexibility allowed
in the sequence of projections and the capture geometry
used. The medium-sized sensor 101 of the apparatus
100 limits the geometry of the capture as subsections of
the anatomy must be captured with each projection and
then combined by image-processing methods to "stitch"
together the image of the entire head.
[0086] In the present invention, however, rotation
through the scan tilts the sensor 101 so that it is not con-
tained within a single plane. A center of rotation 203
(numbered here as 203A, 203B, and 203C to correspond
to the three positions A, B, and C of the gantry 103) is
moved with an X component (along the sagittal plane of
the patient 200). The center of rotation 203, in addition
to moving in the X-direction (i.e. the sagittal direction),
also moves a much smaller amount in the Z-direction (i.e.
the coronal direction) in the case of a cephalometric scan
as depicted in Figure 2. Moreover, the center of rotation
203 is positioned above the patient’s head 200 and on
the same side of the X-ray source 102 (in Figure 2, the
left-hand side).
[0087] The general "convex" scan path illustrated in
Figure 2 balances all of these requirements. The exact
scan path will depend, of course, on the system compo-
nents and imaging requirements, such as any constraints
on the movement of the center of rotation, the size of the
sensor 101, and the size requirements and constraints
placed upon the system by patient anatomy.
[0088] More precisely, the sensor 101 and the X-ray
source 102 are aligned in front of each other according
to a direction substantially parallel to the coronal direction
208, and thus perpendicular to the mid-sagittal plane 206.
[0089] Moreover, the length of the substantially linear
section is comprised between 70 and 250 mm. In a gen-
eral way, the length is sufficient to sweep the whole profile
of the patient skull. The speed of the translation of the
gantry 103 is typically about 4 centimeters per second.
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[0090] Of course, it will be recognized that the expo-
sure profile may be performed in a direction opposite
from that illustrated in Figure 2 without any substantial
effect on the accuracy or resolution of the imaging proc-
ess.
[0091] Thus the almost linear exposure profile through
the mid-sagittal direction can provide a lateral cephalo-
gram of the skull of the patient 200.
[0092] Of course, the exposure profile depicted in Fig-
ure 2 is only a way of example: a substantially linear
exposure profile through the coronal direction can pro-
vide a frontal cephalogram and a substantially linear ex-
posure profile through a plane angled compared to the
sagittal direction can provide a tilted cephalogram.
[0093] Figures 3A and 3B will now be discussed. Fig-
ures 3A and 3B disclose a number of active surfaces 301
to 324, which represent possible configurations for the
active portion of the surface of the sensor of the appara-
tus, wherein the width of the active area varies along the
height of the active area.
[0094] The active surfaces 301 to 304 comprise two
portions along the Y-direction (i.e. height), each with a
different width along the scanning direction X; looking at
the surfaces 301 to 312, it is thus apparent that the align-
ment and relative dimensions of the portions may vary
considerably without straying from the scope of the in-
vention.
[0095] For instance, in the active surfaces 301 and
302, the height of the two portions is the same, while in
the active surfaces 303 and 304 the narrow portion is of
a considerably greater height than the wide portion.
[0096] Also, in the active surfaces 302 and 304 the
surface is configured to be symmetrical in its height di-
mension, whereas the active surfaces 301 and 303 are
asymmetrical.
[0097] As an example, the height of the active surfaces
301 to 312 is between 120 mm and 280 mm.
[0098] The width of the narrow portion is between 2
mm and 50 mm and the width of the wide portion is be-
tween 50 and 140 mm.
[0099] The width of the active surface will dictate the
depth resolution in a corresponding portion of the image;
thus, where the anatomy is scanned with x-rays that are
incident on a wide region, that part of the anatomy will
be rendered with a high degree of depth resolution, and
vice-versa. Thus, in the active surfaces 301-304, the low-
er portion of the surface where the width is great is po-
sitioned to scan the parts of the skull where a greater
depth resolution is desired (e.g. the teeth, jaw, and chin
area). The rest of the skull is scanned with x-rays incident
on the narrower, upper portion of the surface, minimizing
the x-ray dosage in areas where a high depth resolution
is not necessary (e.g. the cranium).
[0100] In this way, the scanning is adapted to give max-
imum depth resolution in the features of the patient’s
anatomy where such resolution is necessary for diagnos-
tic et al. purposes by aligning such features with the wide
portions of the surface, while minimizing x-ray dosage

overall by using a narrow portion of the surface else-
where.
[0101] The active surfaces 305 to 308 demonstrate fur-
ther possible variations. In each of these active surfaces
305-308, there are three portions: a narrow, upper por-
tion; a wide, central portion; and a narrow, lower portion.
This takes the principle of the active surfaces 301-304
one step further.
[0102] The upper and lower portions, where the active
surfaces 305-308 are narrow, are positioned to image
the upper part of the skull and the chin/neck, respectively,
while the middle portion is aligned with the patient’s jaws
and teeth, irradiating them with a high dose but achieving
a high depth resolution.
[0103] As with the active surfaces 301 and 303, it will
be noted that the active surfaces 305 and 307 are asym-
metrical in the Y-direction, while the surfaces 306 and
308 are symmetrical. As appropriate, the edges of the
portions may be aligned on a common edge, as in e.g.
the active surface 311.
[0104] It will be noted that in each of the active surfaces
305-308 the upper portion is the same width as the lower
portion, and thus realizes the same depth resolution. This
need not necessarily be the case, which is illustrated by
the active surfaces 309-312. In the active surfaces
309-312, the lower portion is wider than the upper portion,
but still narrower than the middle portion. As a result, the
portions of the anatomy scanned by the lower portion
(e.g. the chin and vertebrae) will have a greater depth
resolution than those scanned by the upper portion (e.g.
the cranium and the portions of the anatomy scanned by
the middle portion (e.g. the teeth) will have a depth res-
olution greater still. As with the other active surfaces, the
active surfaces 309 and 311 are asymmetrical, while the
active surfaces 310 and 312 are symmetrical in the Y-
direction.
[0105] Figure 3B continues this theme, but rather than
the active surfaces 301-312 of Figure 3A constructed of
rectilinear shapes, the active surfaces 313-324 shown in
Figure 3B are formed of triangular or trapezoidal shapes.
These triangular or trapezoidal shapes may be defined
by their average width, in the same way that the rectilinear
portions which form the active surfaces 301-312 are de-
fined by their widths.
[0106] In fact, it will be quite apparent to the person of
skill in the art that the active surfaces 313-324 correspond
to the active surfaces 301-312, respectively, in terms of
the positioning of the portions of the active surface and
the depth resolution achieved therein. For example, the
active surface 322 comprises a narrow upper portion, a
wide middle portion, and a lower portion which is narrow-
er than the middle portion but wider than the upper por-
tion, just as does the active surface 310. Symmetry in
the Y-direction, or lack thereof, corresponds between the
surfaces of Figures 3A and 3B.
[0107] Thus, by considering the active surface as a
plurality of portions, and by adjusting the width of those
portions according to the required depth resolution in the
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corresponding anatomical features to be imaged, the
dose of x-rays to the patient is minimized while still main-
taining sufficient depth resolution in each part of the im-
age.
[0108] The effect of this is further illustrated in Figures
4 and 5. In Figure 4, there is illustrated a skull 400, su-
perimposed with groups of voxels 402, 404, and 406.
The size of the voxels 402, 404, 406 represents the depth
resolution realized in that portion of the skull 400: the
narrower the voxel in the coronal direction, the wider the
corresponding portion of the sensor surface in the scan-
ning direction.
[0109] The voxels 402, 404, 406 each correspond to
a portion of a sensor surface, such as the active surface
312 illustrated in Figure 3A. Since the upper portion of
the active surface 312 is narrow, the voxel 402, oriented
on the cranium, is very large. This reflects the relatively
low depth resolution at this part of the patient’s anatomy.
Conversely, the middle portion of the active surface 312
produces the voxels 404, which are narrow and thus il-
lustrative of the high depth resolution in this part of the
skull 400. The lower portion of the active surface 312
produces the voxels 406: since the lower portion has a
width between that of the upper and middle portion of the
surface 316, the voxels 406 have a width in the coronal
direction between those of the voxels 402 and 404.
[0110] Figure 5 further illustrates the difference in
depth resolution, with respect to the scan of a CBCT tech-
nique as known in the art, as illustrated by voxels 500
and 502.
[0111] The voxels 500 are representative of those pro-
duced by the imaging techniques of the present inven-
tion. The voxel size in the Z-direction illustrates the depth
resolution; the larger the voxel is in the Z-direction, the
lower the depth resolution.
[0112] In the voxels 500, it is quite apparent that the
voxel size varies along the Y-axis, in the same way as
described with reference to Figure 4. The concave curve
of the voxels corresponds to a sensor surface such as
the active surface 306, wherein the upper and lower por-
tions of the active surface 306 have a narrow width and
thus a low depth resolution, while the middle portion has
a wide width and thus a high depth resolution.
[0113] In contrast, the voxels 502 illustrate a uniformly-
poor depth resolution when compared to the voxels 500.
[0114] Figure 6 illustrates a collimator 600 for a scan-
ning device. The collimator 600 comprises four blades
602A-602D disposed around an orifice 604 through
which x-rays are projected at the patient. Each of the
blades 602A-602D is mobile by way of a corresponding
motor 606A-606D along an axis 608A-608D. In this way,
the size and shape of the aperture 604 can be adjusted
according to the size and shape of the active surface
upon which the x-rays are incident during the scanning
process.
[0115] In this way, x-ray leakage is minimized, in that
one can be assured that little to none of the x-ray energy
emitted by the source escapes to the surrounding envi-

ronment.
[0116] The active surfaces (i.e. the irradiated portions
of the sensor) 301-312 depicted in Figure 3A and dis-
cussed above can be properly irradiated by disposing
two successive collimators in the path of the X-ray beam.
In such an embodiment, the aperture of the first (up-
stream) collimator shapes the beam so that is has a rec-
tangular cross-section.
[0117] However, the form of the active surface area
that can be realized by a single collimator is limited. More
specifically, the collimator can reduce the area of the sen-
sor irradiated by the X-ray beam only so long as the entire
active surface is irradiated.
[0118] Thus, when the active surface is not a regular
quadrilateral (e.g. the active surface area 306 of Figure
3A), an X-ray beam formed by a single collimator will
irradiate the desired active surface 306, but also the por-
tions of the sensor adjoining it, where irradiation is not
desired.
[0119] The use of a second (downstream) collimator
remedies this, in that its blades are positioned to mask
portions of the X-ray beam passed by the first collimator
corresponding to the non-active portions of the sensor’s
surface area. In this way, the shape of the X-ray beam
is finely controlled so as to irradiate only the active sur-
face area of the sensor, and no more.
[0120] Moreover, the second collimator may be con-
figured such that its blades move in a different fashion
than the first, offering a greater range of possible beam
forms, and thus active surfaces.
[0121] Thus, in the example of the active surface 306,
four blades of the second (downstream) collimator inter-
cept the "corners" of the rectangular X-ray beam that is
passed through the first (upstream) collimator, forming
the X-ray beam into the "t" shape of the active surface
306.
[0122] The number of collimator blades employed, and
the degree to which each of them intercept the X-ray
beam, may vary according to the active surface area em-
ployed. For instance, an X-ray beam for the active surface
311 can be formed by moving two blades of a second
collimator into the X-ray beam: a first one from the top
right which impinges the X-ray beam to a relatively large
degree, and a second one from the bottom right which
intercepts the X-ray beam to a relatively small degree.
And for the active surface 301, only a single blade of the
second collimator is necessary, intercepting the X-ray
beam from the top-right corner.
[0123] Variable-blade collimators are thus highly ad-
vantageous, in that they can be used to form the X-ray
beam according to both the size and the shape of the
active surface area employed and by extension, to the
patient anatomy to be imaged, in particular the size of
the skull which differs greatly between children and
adults.
[0124] It is also important to note that, while in the col-
limator 600 the blades 602A-602D move orthogonally to
each other, the collimator is not necessarily limited to
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such motion. Indeed, rotational motion of the blades may
be envisioned, for instance where a surface such as one
of those depicted in Figure 3B is used. Moreover, there
need not necessarily be four blades; in fact, any number
may be used as appropriate to the particular embodi-
ment.
[0125] For instance, where the active areas are partic-
ularly complex (such as the active surfaces 313-324 de-
picted in Figure 3B), it may be preferable to employ a
combination of a single collimator downstream of a fixed
aperture plate. Because it is fixed, this aperture plate may
be configured with a more complex form than might be
practical with a mobile-blade collimator. By using such
an aperture in conjunction with a collimator as described
above, it is possible to form the X-ray beam for more
complicated active areas.
[0126] Figure 7 illustrates an exemplary configuration
for the gantry 103 adapted to displace the X-ray sensor
101 and the X-ray source 102 along the exposure profile
previously described.
[0127] The gantry 103 is configured to translate later-
ally along the direction T, as well as to rotate about a
central axis of rotation 203. In this embodiment, the gan-
try 103 is mounted to the horizontal mount 104 through
translation and rotation means in order to be able to trans-
late and rotate around the patient 200. For example, in
order to perform the exposure profile as depicted in figure
2, the gantry 103 comprise a translation mechanism con-
figured to synchronously move the X-ray source 102 and
the sensor 101. In one embodiment, the translation
mechanism is adapted to translate the gantry 103 with
regard to the horizontal mount 104 along the length of
the profile exposure.
[0128] For example, in order to get a lateral cephalo-
gram, the gantry 103 is translated with the X-ray source
102 and the sensor 101 according to the direction T par-
allel to the sagittal direction.
[0129] This rotation has a range which corresponds to
the sweep angle θ as illustrated in Figure 2.
[0130] Moreover, it can be seen in Figure 2 that the
center of rotation 203 of the gantry 103 moves not only
in the X-direction (i.e. the sagittal direction), but also
moves slightly in the Z-direction (i.e. the coronal direc-
tion). This is quite apparent when considering the trajec-
tory of the center of rotation 203, from 203A to 203B, and
from 203B to 203C. In any case, the center of rotation
203 of the gantry 103 is positioned above the patient’s
head and on the same side as the X-ray source 102 (here,
on the left side).
[0131] To obtain the specific exposure profile, the ro-
tation of the X-ray sensor 101 and the X-ray source102
and the translation of the gantry 103 are synchronously
regulated, for example by controlling means.
[0132] The controlling means in an extra-oral dental
imaging system, used to control the displacement of the
gantry 103 and of the X-ray sensor 101 and the X-ray
source 102 are known and will not be described in more
details.

[0133] In this way, a great deal of control of the inci-
dence of the X-ray beam passing between the X-ray
source 102 and the X-ray sensor 101, relative to the pa-
tient 200, is achieved. More specifically, the point at which
the X-ray beam emitted by the X-ray source 102 is inci-
dent upon the patient, as well as the angle of said beam
relative to the mid-sagittal plane 206 and/or coronal plane
208 (depicted in Figure 2) can be readily controlled, as
the X-ray beam sweeps through the transverse plane of
the patient 200.
[0134] Ideally, the sweep angle θ will be between 15°
and 30°, as such an angle presents a good balance be-
tween patient X-ray dosage and image quality. However,
in other applications, such as the imaging of other regions
of the body, a different sweep angle θ, either wider or
narrower, could equally be envisioned.
[0135] The frame rate during the scan is comprised
between 15 and 50 frames per second, and most pref-
erably between 15 and 30 frames per second.
[0136] High capture frame rates are generally prefer-
able for high depth resolution; however, since the sensor
101 has a large active area and realizes a fine depth
resolution, this makes it possible to use a lower frame
rate than what might be employed in the art to reduce
the amount of raw image data generated, thereby mini-
mizing image-processing computing loads while still
maintaining good depth resolution in re-constructed im-
ages.
[0137] Furthermore, the rotation of the gantry 103
about the axis of rotation 203 permits bilateral imaging
without disturbing the position of the patient; the gantry
103 rotates through 180° to reposition the X-ray sensor
101 and the X-ray source 102 to scan the patient 200
from the other side. In addition, the center of rotation 203
of the gantry 103 is displaced in the Z-direction so as to
place the center of rotation 203 on the other side of the
patient’s head 200, and that the patient’s head 200 re-
mains in the vicinity of the sensor 101 (see Figure 2).
[0138] This presents a considerable advantage over
the cephalographic techniques presently known in the
art, in that it produces two separate bilateral images, rath-
er than one single image with superimposed anatomical
figures.
[0139] Moreover, this is achieved with the same or a
small increase in X-ray dosage relative to the cephalo-
graphic techniques known in the art, and with a greatly-
reduced dosage relative to standard tomographic imag-
ing techniques which irradiate the patient from many dif-
ferent angles, such as Cone Beam Computerized Tom-
ography (CBCT).
[0140] By acquiring projections at two opposite angular
extremes, separate images for left and right sides of the
patient may be obtained : two half cephalometric images,
with no superposition, are created with only twice the X-
ray’s dose of a classic 2D cephalogram.
[0141] Turning now to Figure 8, an algorithm which im-
plements the method according to an embodiment of the
invention is discussed in further detail.
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[0142] The method comprises a step for positioning S1
of the patient 200 between the X-ray source 102 and the
X-ray sensor 101. This is ideally accomplished by the
use of a headrest or brace as the patient holder 106 dis-
played in Figures 1A and 1B, so as to create a proper
reference point upon which the data extracted during the
scan can be constructed into an image.
[0143] A setting step S2 is performed in order to set
up the active area 300 of the X-ray sensor 101. As known
in prior art, a collimator is used in front of the X-ray source
102 in order to adapt the X-ray beam to the active area
300 of the X-ray sensor 101.
[0144] As previously described and depicted in Figures
3A and 3B, this active area is determined in order to have
a width varying along the height of the active area.
[0145] Once the patient is positioned, there is an acti-
vating step S3 for activating the X-ray source, followed
by a displacing step S4 for sweeping the X-ray beam
across the patient. The displacing step S4 involves both
synchronously translating and rotating the X-ray source
102 and X-ray sensor 101, thereby sweeping the beam
across the patient as depicted in Figure 2.
[0146] The multiple frames produced by the X-ray sen-
sor 101 during the exposure of the skull are registered
during a registering step S5.
[0147] Optionally, a test S6 is conducted in order to
determine if an opposite scan is needed.
[0148] In the affirmative, a step S7 for repositioning the
X-ray source 102 and X-ray sensor 101 is performed, in
which the X-ray source 102 and sensor 101 are rotated
through 180° about the patient 200, and the center of
rotation 203 displaced in the Z-direction. In this way, the
steps of activating S3, displacing S4 and registering S5
for a second scan of the patient 200 are achieved, which
are performed in substantially the same way as described
above with relation to steps S3 to S5.
[0149] Thus, in this embodiment the exposure profile
comprises two separate substantially linear sections at
two opposite angular extremes about the patient 200.
[0150] Once the scan(s) is (are) complete, the method
reconstructs the data gathered by the X-ray sensor 101
into a useable image, for reconstructing three-dimen-
sional volumetric data of the patient anatomy.
[0151] For this, the method comprises a step S8 of
computing the multiple frames produced during at least
part of the exposure. This computing step S8 involves
applying a shift-and-add processing to reconstruct the
image as a series of "slices," each containing a small
portion of volumetric data describing the patient’s anat-
omy.
[0152] Apart from tomosynthesis, other 3D reconstruc-
tion techniques can also be employed. The use of an
iterative reconstruction algorithm such as SART (Statis-
tical Algebraic Reconstruction Technique) or SIRT (Sta-
tistical Iterative Reconstruction Technique), or a tech-
nique like a Filtered Back Projection, to obtain the volu-
metric data opens up the possibility of obtaining an arti-
fact-free volume with a very low x-ray dose. The Digital

Cephalometric Tomosynthesis can be done with a dose
between one and two times that of a classic 2D Cepha-
logram.
[0153] Generally, a single plane or the complete vol-
ume can be reconstructed using the Shift & Add, Filtered
Back Projection, or Iterative techniques.
[0154] The Shift & Add algorithm is the fastest method,
reconstructing a desired plane or set of planes according
to the acquisition trajectory and desired anatomy. The
Shift & Add algorithm does require the application of a
deblurring or enhancement filter to the reconstructed im-
age, but is overall economic with computing resources.
[0155] The Filtered Back Projection technique is an ap-
proach similar to Shift & Add, but with the added possi-
bility of obtaining a complete 3D volume. From this vol-
ume views along certain desired planes can then be ex-
tracted.
[0156] The iterative approaches (e.g. SIRT & SART)
use some a priori information about the object, in partic-
ular, anatomical a priori information such as selected cra-
nial measurements and/or the limits of the skull in space.
The use of a priori information such as these can help
compensate for limited angle problems, as well as help
reduce the necessary x-ray dosage. However, iterative
reconstruction methods are generally slower than other
methods.
[0157] The reconstructed slices contain in focus imag-
ing data belonging respectively to several depths of the
imaged skull.
[0158] On the one hand, each slice can be used for
the extraction of some cephalometric features. As de-
picted in Figure 9, the in focus features extracted from a
slice on the mid-sagittal plane of a human skull may be
obtained.
[0159] Moreover, the extracted features through differ-
ent depths can be put together to provide a cephalometric
image.
[0160] As shown in Figure 10, the superimposition of
at least some of the in focus features extracted from all
slices belonging to a left part of a human skull provides
an half cephalometric image for the left side of the patient.
[0161] Such a reconstruction is particularly advanta-
geous, in that unlike the methods known in the art, the
reconstruction is not limited to a narrow focal trough in
which the image is clear and undistorted, but rather each
aspect of the patient’s anatomy is represented by the
slice in which that aspect is displayed with the highest
fidelity and resolution. Such a method will ultimately pro-
duce an accurate, three-dimensional model of the pa-
tient’s anatomy while simultaneously minimizing X-ray
dosage.
[0162] A consequence of this is that a great deal of
other, more conventional images can be simulated
through simple data processing methods, based on the
model produced in the step S8 for reconstructing the 3D
volumetric data.
[0163] For instance, simulated left and right 2D lateral
images, either separate or superimposed, can be con-
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structed by passing the 3D model through a step S9 for
retro-projecting, i.e. simulating a standard cephalogram
as produced by a "ceph arm"-equipped imaging system
through known rendering techniques such as cone beam
or parallel geometry projection.
[0164] Such a retro-projection might be calibrated to
produce a simulated retro-projection distance of between
1.5m and 4m, so as to best simulate the images produced
by current imaging systems; however it will be under-
stood that other projection distances might also be ad-
vantageous in other applications, and that the method of
the present invention can easily be so adapted. An infinite
projection distance is particularly advantageous, in that
it corresponds to a parallel beam projection.
[0165] The synthetized 2D cephalogram looks like a
standard cephalogram as obtained with a X-ray sensor
located on a cephalometric arm of 1.50 m or more related
to the position of the X-ray source.
[0166] Producing a panoramic image of the mandible
and dentition may also be envisioned, performed in a
similar way using other, appropriate rendering methods.
[0167] These extracted, simulated images can in
themselves have important diagnostic and therapeutic
uses.
[0168] For instance, by extracting the relevant cepha-
lometric features from the 3D model and/or 2D images,
and identifying them on said 2D lateral images in an ex-
traction step S10, a cephalometric tracing can be pro-
duced at an automatic cephalometric tracing step S11.
Such a cephalometric tracing yields valuable diagnostic
and therapeutic data, and is much easier and faster to
produce than the plaster-molding methods presently em-
ployed.
[0169] Figure 11 illustrates a possible variant of the
invention. In Figure 11, there is provided a scanning ap-
paratus 800 comprising a sensor 802, which is employed
for imaging a patient 804.
[0170] The sensor 802 is configured according to the
above description, in that it has different regions of var-
ying width along its height. For the purposes of illustra-
tion, it should be considered that in this embodiment the
sensor 802 has an active surface substantially similar in
form to the surface 302 of Figure 3A. However, sensors
with active surfaces in other forms may also be envi-
sioned.
[0171] With such a sensor it is possible to scan the
entirety of the patient’s head 804 in one pass, such as
by a centrally-located X-ray source 806, as in the other
embodiments of the invention discussed above.
[0172] In the present embodiment, however, a different
approach is employed. Here, an X-ray source 808 is dis-
posed in a first, upper position, from which it irradiates
an upper portion of the patient’s skull 804 with a beam
810 of X-rays. This beam 810 illuminates only, or at least
primarily, the upper portion of the sensor 802, which has
a reduced width in the scanning direction as a conse-
quence of the lower degree of depth resolution required
to sufficiently image the patient’s cranium.

[0173] Once this is accomplished, the X-ray source
808 is moved into the lower position, where the scan is
repeated. Here, however, the X-ray beam irradiates the
lower portion of the skull.
[0174] As a result, the X-rays passing through the pa-
tient 804 illuminate only, or at least primarily, the lower
portion of the sensor 802, which is wider in the scanning
direction than the upper portion and thus has a greater
depth resolution. In this way, the lower portion of the skull,
containing the mandibles, dentition, and other such com-
plex structures, is imaged at high resolution.
[0175] The scanning steps may optionally be repeated
from the other side of the patient’s head 804. There may
also be scans performed with the X-ray source 808 dis-
posed in one or more intermediate positions, between
the upper and lower positions depicted in Figure 11, each
intermediate position possibly corresponding to a region
or regions of the active area of the sensor 802.
[0176] Such a method is particularly advantageous in
that it allows for a more granular control of the X-ray dose
received by the patient 804: in particular, the X-ray beam
810 may be more or less intense, depending on which
portion of the patient’s anatomy is being scanned and
which portion of the active surface of the sensor 802 is
being illuminated. In turn, this results in a further refine-
ment of image quality, with an X-ray dosage that, while
being slightly greater than other embodiments of the
present invention, is nonetheless considerably reduced
compared to the techniques known in the art.
[0177] In any case, the resulting images are combined,
such as by stitching or other such image processing tech-
niques, so as to create a finished three-dimensional scan
of the patient 804.

Claims

1. A method for creating a cephalometric image of at
least part of a human skull in an extra-oral dental
imaging system, said system comprising:

- an X-ray source (102) for irradiating an object
(200) to be imaged;
- an imaging device (101) suitable for producing
multiple frames during at least part of an expo-
sure of said object (200);
- a manipulator (103) for displacing the imaging
device (101) along an exposure profile between
multiple frames during said at least part of the
exposure of said object, the manipulator (103)
permitting the movement of the imaging device
(101) along a scanning direction (X),

characterized in that said method comprises the
following steps:

- setting (S2) said imaging device (101) with an
active area (300) having in an imaging plane a
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width, extending along said scanning direction
(X), said width varying along a height direction
(Y) perpendicular to said scanning direction (X),
said active area being the area of the sensor
which is irradiated during the cephalometric
scan and which participates in the cephalomet-
ric image reconstruction process;
- synchronously displacing (S4) the X-ray
source (102) and the imaging device (101) along
said exposure profile; and
- registering (S5) said multiple frames produced
by the imaging device (101) during the exposure
of said object to be imaged.

2. A method according to Claim 1, wherein said active
area is symmetric in said imaging plane, with a cen-
tral axis extending along said height direction (Y) of
said active area.

3. A method according to any one of Claims 1 or 2,
wherein said active area (300) has at least two por-
tions having widths different from each other, said
two portions being superposed in said imaging plane
along said height direction (Y).

4. A method according to Claims 3, wherein the height
of said active area is between 120 mm and 280 mm,
the width of a first portion is between 2 mm and 50
mm, and the width of a second portion is between
50 and 140 mm.

5. A method according to any one of Claims 1 to 3,
wherein said active area has at least three portions
with respectively three different widths.

6. A method according to any one of Claims 1 to 4,
wherein said active area has a central portion, a low-
er portion, and an upper portion each extending
along said height direction (Y) in said imaging plane,
the width of the central portion is larger than the width
of the lower portion and the width of the lower portion
is larger than the width of the upper portion.

7. A method according to any one of the preceding
Claims, further comprising a step of computing (S8)
said multiple frames produced during at least one
part of the exposure:

a. by a shift-and-add processing, thereby recon-
structing at least one slice; or
b. by a volumetric approach, thereby recon-
structing a three-dimensional volume and sub-
sequently extracting at least one slice from this
volume;

said at least one slice containing in-focus imaging
data belonging respectively to at least one depth of
said object to be imaged.

8. A method according to claim 7, wherein the volumet-
ric approach is selected from a Statistical Algebraic
Reconstruction Technique (SART), a Statistical Iter-
ative Reconstruction Technique (SIRT), or a Filtered
Back Projection technique.

9. A method according to Claim 7, further comprising
a step of using (S10) each reconstructed slice for
the extraction of cephalometric features.

10. A method according to claim 9, further comprising a
step (S11) of automatic cephalometric tracing,
wherein said extracted cephalometric features of
each slice are put together.

11. A method according to any one of Claims 9 or 10,
wherein several slices are reconstructed and com-
bined to give a separate linear projection for the left
and right sides of said object to be imaged.

12. A method according to claim 7, wherein several slic-
es are reconstructed and retro projected to a dis-
tance superior to 1.50 meters, and preferably supe-
rior to 4 meters, on a cone beam or parallel geometry
so as to create a synthesized 2D cephalogram of the
skull.

13. A method according to any one of claims 1 to 12,
comprising the following steps:

- synchronously displacing the X-ray source
(808) and the imaging device (802) along a first
part of said exposure profile, said X-ray source
(808) being in an upper position along said
height direction (Y);
- registering said multiple frames produced by
the imaging device (802) during said first part of
the exposure profile;
- synchronously displacing the X-ray source
(808) and the imaging device (802) along a sec-
ond part of said exposure profile, said X-ray
source (808) being in a lower position along said
height direction (Y);
- registering said multiple frames produced by
the imaging device (802) during said second part
of the exposure profile; and
- combining said multiple frames registered dur-
ing said first and second parts of the exposure
profile.

14. An extra-oral dental imaging system for creating a
cephalometric image of at least part of a human skull,
such system comprising:

- an X-ray source (102) for irradiating an object
to be imaged;
- an imaging device (101) suitable for producing
multiple frames during at least part of an expo-
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sure of said object;
- manipulator (103) for displacing the imaging
device (101) along an exposure profile between
multiple frames during said at least part of the
exposure of said object, the manipulator (103)
permitting the movement of the imaging device
(101) along a scanning direction (X),

characterized in that said imaging device (101) has
an active area (300) having in an imaging plane a
width extending along said scanning direction (X),
said width varying along a height direction (Y) per-
pendicular to said scanning direction (X), said active
area being the area of the sensor which is irradiated
during the cephalometric scan and which partici-
pates in the cephalometric image reconstruction
process; and in that said manipulator (103) synchro-
nously displaces the X-ray source (102) and the im-
aging device (101) along said exposure profile; and
in that it comprises memory for registering said mul-
tiple frames produced by the imaging device (101)
during the exposure of said object to be imaged.

Patentansprüche

1. Verfahren zum Erzeugen eines zephalometrischen
Bildes von zumindest einem Teil eines menschli-
chen Schädels in einem extraoralen Dentalbildge-
bungssystem, wobei das System umfasst:

- eine Röntgenquelle (102) zum Bestrahlen ei-
nes abzubildenden Objektes (200);
- eine Bildgebungsvorrichtung (101), die zum
Erzeugen mehrerer Rahmen während zumin-
dest eines Teils einer Exposition des Objektes
(200) geeignet ist;
- einen Manipulator (103) zum Verstellen der
Bildgebungsvorrichtung (101) entlang eines Ex-
positionsprofils zwischen mehreren Rahmen
während zumindest eines Teils der Exposition
des Objektes, wobei der Manipulator (103) die
Bewegung der Bildgebungsvorrichtung (101)
entlang einer Abtastrichtung (X) erlaubt,

dadurch gekennzeichnet, dass das Verfahren die
folgenden Schritte umfasst:

- Festlegen (S2) der Bildgebungsvorrichtung
(101) mit einem aktiven Bereich (300), der in
einer Bildgebungsebene eine Breite aufweist,
die sich entlang der Abtastrichtung (X) erstreckt,
wobei die Breite entlang einer Höhenrichtung
(Y) rechtwinklig zu der Abtastrichtung (X) vari-
iert, wobei der aktive Bereich der Bereich des
Sensors ist, der während der zephalometri-
schen Abtastung bestrahlt ist und der an dem
zephalometrischen Bildrekonstruktionsprozess

teilnimmt;
- synchrones Verstellen (S4) der Röntgenquelle
(102) und der Bildgebungsvorrichtung (101) ent-
lang des Expositionsprofiles; und
- Registrieren (S5) der mehreren Rahmen, die
durch die Bildgebungsvorrichtung (101) wäh-
rend der Exposition des abzubildenden Objek-
tes erzeugt werden.

2. Verfahren nach Anspruch 1, wobei der aktive Be-
reich in der Bildgebungsebene symmetrisch ist, wo-
bei eine Zentralachse entlang der Höhenrichtung (Y)
des aktiven Bereiches verläuft.

3. Verfahren nach einem der Ansprüche 1 oder 2, wo-
bei der aktive Bereich (300) zumindest zwei Ab-
schnitte mit sich voneinander unterscheidenden
Breiten aufweist, wobei die beiden Abschnitte in der
Bildgebungsebene entlang der Höhenrichtung (Y)
überlagert sind.

4. Verfahren nach Anspruch 3, wobei die Höhe des ak-
tiven Bereiches zwischen 120 mm und 280 mm liegt,
die Breite eines ersten Abschnittes zwischen 2 mm
und 50 mm liegt und die Breite eines zweiten Ab-
schnittes zwischen 50 und 140 mm liegt.

5. Verfahren nach einem der Ansprüche 1 bis 3, wobei
der aktive Bereich zumindest drei Abschnitte mit je-
weils drei verschiedenen Breiten aufweist.

6. Verfahren nach einem der Ansprüche 1 bis 4, wobei
der aktive Bereich einen Zentralabschnitt, einen un-
teren Abschnitt und einen oberen Abschnitt aufweist,
die sich jeweils entlang der Höhenrichtung (Y) in der
Bildgebungsebene erstrecken, wobei die Breite des
Zentralabschnitts größer als die Breite des unteren
Abschnittes ist und die Breite des unteren Abschnit-
tes größer als die Breite des oberen Abschnittes ist.

7. Verfahren nach einem der vorhergehenden Ansprü-
che, ferner mit dem Schritt zum Berechnen (S8) der
mehreren Rahmen, die während zumindest eines
Teils der Exposition erzeugt werden:

a. durch einen Verschiebe- und Additionspro-
zess, wodurch zumindest eine Scheibe rekons-
truiert wird; oder
b. durch eine Volumenmethode, wodurch ein
dreidimensionales Volumen rekonstruiert und
anschließend zumindest eine Scheibe aus die-
sem Volumen extrahiert wird;

wobei die zumindest eine Scheibe im Fokus liegende
Bildgebungsdaten enthält, die jeweils zu zumindest
einer Tiefe des abzubildenden Objektes gehören.

8. Verfahren nach Anspruch 7, wobei die Volumenme-
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thode aus einer Statistical Algebraic Reconstruction
Technik (SART), einer Statistical Iterative Re-
construktion Technik (SIRT) oder einer Filtered Back
Projection Technik gewählt ist.

9. Verfahren nach Anspruch 7, ferner mit einem Schritt
zum Verwenden (S10) jeder rekonstruierten Schei-
be für die Extraktion zephalometrischer Merkmale.

10. Verfahren nach Anspruch 9, ferner mit einem Schritt
(S11) zum automatischen zephalometrischen Ver-
folgen, wobei die extrahierten zephalometrischen
Merkmale jeder Scheibe zusammengesetzt werden.

11. Verfahren nach einem der Ansprüche 9 oder 10, wo-
bei mehrere Scheiben rekonstruiert und kombiniert
werden, um eine separate lineare Projektion für die
linken und rechten Seiten des abzubildenden Objek-
tes zu geben.

12. Verfahren nach Anspruch 7, wobei mehrere Schei-
ben rekonstruiert und zu einer Distanz oberhalb zu
1,5 Meter und bevorzugt oberhalb zu 4 Meter an ei-
ner Kegelstrahl- oder Parallelgeometrie zurück pro-
jiziert werden, um ein synthetisiertes 2D-Zephalo-
gramm des Schädels zu erzeugen.

13. Verfahren nach einem der Ansprüche 1 bis 12, mit
den folgenden Schritten:

- synchrones Verschieben der Röntgenquelle
(808) und der Bildgebungsvorrichtung (802) ent-
lang eines ersten Teils des Expositionsprofils,
wobei die Röntgenquelle (808) in einer oberen
Position entlang der Höhenrichtung (Y) liegt;
- Registrieren der mehreren Rahmen, die von
der Bildgebungsvorrichtung (802) während des
ersten Teils des Expositionsprofils erzeugt wer-
den;
- synchrones Verschieben der Röntgenquelle
(808) und der Bildgebungsvorrichtung (802) ent-
lang eines zweiten Teils des Expositionsprofils,
wobei die Röntgenquelle (808) in einer tieferen
Position entlang der Höhenrichtung (Y) ist;
- Registrieren der mehreren Rahmen, die von
der Bildgebungsvorrichtung (802) während des
zweiten Teils des Expositionsprofils erzeugt
werden; und
- Kombinieren der mehreren Rahmen, die wäh-
rend des ersten und zweiten Teils des Exposi-
tionsprofils registriert werden.

14. Extraorales Dentalbildgebungssystem zum Erzeu-
gen eines zephalometrischen Bildes von zumindest
einem Teil eines menschlichen Schädels, wobei ein
solches System umfasst:

- eine Röntgenquelle (102) zum Bestrahlen ei-

nes abzubildenden Objektes;
- eine Bildgebungsvorrichtung (101), die zum
Erzeugen mehrerer Rahmen während zumin-
dest eines Teils einer Exposition des Objektes
geeignet ist;
- einen Manipulator (103) zum Verstellen der
Bildgebungsvorrichtung (101) entlang eines Ex-
positionsprofils zwischen mehreren Rahmen
während zumindest des Teils der Exposition des
Objektes, wobei der Manipulator (103) die Be-
wegung der Bildgebungsvorrichtung (101) ent-
lang einer Abtastrichtung (X) zulässt,

dadurch gekennzeichnet, dass die Bildgebungs-
vorrichtung (101) einen aktiven Bereich (300) auf-
weist, der in einer Bildgebungsebene eine Breite be-
sitzt, die sich entlang der Abtastrichtung (X) er-
streckt, wobei die Breite entlang einer Höhenrich-
tung (Y) rechtwinklig zu der Abtastrichtung (X) vari-
iert, wobei der aktive Bereich der Bereich des Sen-
sors ist, der während der zephalometrischen Abtas-
tung bestrahlt ist und der bei dem zephalometrischen
Bildrekonstruktionsprozess teilnimmt; und
dass der Manipulator (103) die Röntgenquelle (102)
und die Bildgebungsvorrichtung (101) synchron ent-
lang des Expositionsprofils verstellt; und dass es ei-
nen Speicher zum Registrieren der mehreren Rah-
men umfasst, die von der Bildgebungsvorrichtung
(101) während der Exposition des abzubildenden
Objektes erzeugt sind.

Revendications

1. Procédé pour créer une image céphalométrique d’au
moins une partie de crâne humain dans un système
d’imagerie dentaire extraorale, ledit système
comprenant :

- une source de rayons X (102) destinée à ex-
poser à un rayonnement un objet (200) à imager;
- un dispositif d’imagerie (101) adapté à la pro-
duction de multiples images pendant au moins
une partie d’une exposition dudit objet (200) ;
- un manipulateur (103) destiné à déplacer le
dispositif d’imagerie (101) le long d’un profil
d’exposition entre de multiples images au cours
de ladite au moins une partie de l’exposition du-
dit objet, le manipulateur (103) permettant le
mouvement du dispositif d’imagerie (101) le
long d’une direction de balayage (X),

caractérisé en ce que ledit procédé comprend les
étapes suivantes :

- régler (S2) ledit dispositif d’imagerie (101) pour
qu’il présente une zone active (300) ayant, dans
un plan d’imagerie, une largeur s’étendant le
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long de ladite direction de balayage (X), ladite
largeur variant le long d’une direction de la hau-
teur (Y) perpendiculaire à ladite direction de ba-
layage (X), ladite zone active étant la zone du
capteur qui est exposée au rayonnement pen-
dant le balayage céphalométrique et qui partici-
pe au processus de reconstruction d’image
céphalométrique ;
- déplacer de manière synchronisée (S4) la
source de rayons X (102) et le dispositif d’ima-
gerie (101) le long dudit profil d’exposition ; et
- enregistrer (S5) lesdites multiples images pro-
duites par le dispositif d’imagerie (101) au cours
de l’exposition dudit objet à imager.

2. Procédé selon la revendication 1, dans lequel ladite
zone active est symétrique, dans ledit plan d’image-
rie, selon un axe central s’étendant le long de ladite
direction de la hauteur (Y) de ladite zone active.

3. Procédé selon l’une quelconque des revendications
1 et 2, dans lequel ladite zone active (300) comporte
au moins deux portions ayant des largeurs différen-
tes l’une de l’autre, lesdites deux portions étant su-
perposées dans ledit plan d’imagerie le long de ladite
direction de la hauteur (Y).

4. Procédé selon la revendication 3, dans lequel la hau-
teur de ladite zone active est comprise entre 120 mm
et 280 mm, la largeur d’une première portion est
comprise entre 2 mm et 50 mm et la largeur d’une
seconde portion est comprise entre 50 mm et 140
mm.

5. Procédé selon l’une quelconque des revendications
1 à 3, dans lequel ladite zone active comporte au
moins trois portions de largeurs respectives différen-
tes.

6. Procédé selon l’une quelconque des revendications
1 à 4, dans lequel ladite zone active comporte une
portion centrale, une portion inférieure et une portion
supérieure s’étendant chacune le long de ladite di-
rection de la hauteur (Y) dans ledit plan d’imagerie,
la largeur de la portion centrale est supérieure à la
largeur de la portion inférieure et la largeur de la
portion inférieure est supérieure à la largeur de la
portion supérieure.

7. Procédé selon l’une quelconque des revendications
précédentes, comprenant en outre une étape con-
sistant à déterminer(S8) lesdites multiples images
produites au cours d’au moins une partie de
l’exposition :

a. au moyen d’un traitement par décalage et ad-
dition, de manière à reconstruire au moins une
coupe ; ou

b. au moyen d’une approche volumétrique, de
manière à reconstruire un volume en trois di-
mensions et à extraire par la suite au moins une
coupe de ce volume ;

ladite au moins une coupe contenant des données
d’imagerie nette appartenant respectivement à au
moins une profondeur dudit objet à imager.

8. Procédé selon la revendication 7, dans lequel l’ap-
proche volumétrique est choisie parmi une techni-
que statistique de reconstruction algébrique (SART,
Statistical Algebraic Reconstruction Technique),
une technique statistique de reconstruction itérative
(SIRT, Statistical Iterative Reconstruction Techni-
que) et une technique de rétroprojection filtrée.

9. Procédé selon la revendication 7, comprenant en
outre une étape consistant à utiliser (S10) chaque
coupe reconstruite pour l’extraction de caractéristi-
ques céphalométriques.

10. Procédé selon la revendication 9, comprenant en
outre une étape (S11) de tracé céphalométrique
automatique, dans lequel lesdites caractéristiques
céphalométriques extraites de chaque coupe sont
regroupées.

11. Procédé selon l’une quelconque des revendications
9 et 10, dans lequel plusieurs coupes sont recons-
truites et combinées pour obtenir une projection li-
néaire séparée pour les côtés gauche et droit dudit
objet à imager.

12. Procédé selon la revendication 7, dans lequel plu-
sieurs coupes sont reconstruites et rétroprojetées à
une distance supérieure à 1,50 mètre, et de préfé-
rence supérieure à 4 mètres, sur un faisceau conique
ou une géométrique parallèle, de façon à créer un
céphalogramme de synthèse en 2D du crâne.

13. Procédé selon l’une quelconque des revendications
1 à 12, comprenant les étapes suivantes :

- déplacer de manière synchronisée la source
de rayons X (808) et le dispositif d’imagerie
(802) le long d’une première partie dudit profil
d’exposition, ladite source de rayons X (808)
étant à une position supérieure le long de ladite
direction de la hauteur (Y) ;
- enregistrer lesdites multiples images produites
par le dispositif d’imagerie (802) au cours de la-
dite première partie du profil d’exposition ;
- déplacer de manière synchronisée la source
de rayons X (808) et le dispositif d’imagerie
(802) le long d’une seconde partie dudit profil
d’exposition, ladite source de rayons X (808)
étant à une position inférieure le long de ladite

27 28 



EP 3 393 359 B1

16

5

10

15

20

25

30

35

40

45

50

55

direction de la hauteur (Y) ;
- enregistrer lesdites multiples images produites
par le dispositif d’imagerie (802) au cours de la-
dite seconde partie du profil d’exposition ; et
- combiner lesdites multiples images enregis-
trées au cours desdites première et seconde
parties du profil d’exposition.

14. Système d’imagerie dentaire extraorale pour créer
une image céphalométrique d’au moins une partie
de crâne humain, un tel système comprenant :

- une source de rayons X (102) destinée à ex-
poser un objet à imager à un rayonnement ;
- un dispositif d’imagerie (101) adapté à la pro-
duction de multiples images pendant au moins
une partie de l’exposition dudit objet ;
- un manipulateur (103) destiné à déplacer le
dispositif d’imagerie (101) le long d’un profil
d’exposition entre de multiples images au cours
de ladite au moins une partie de l’exposition du-
dit objet, le manipulateur (103) permettant le
mouvement du dispositif d’imagerie (101) le
long d’une direction de balayage (X),

caractérisé en ce que ledit dispositif d’imagerie
(101) présente une zone active (300) ayant, dans un
plan d’imagerie, une largeur s’étendant le long de
ladite direction de balayage (X), ladite largeur variant
le long d’une direction de la hauteur (Y) perpendicu-
laire à ladite direction de balayage (X), ladite zone
active étant la zone du capteur qui est exposée au
rayonnement pendant le balayage céphalométrique
et qui participe au processus de reconstruction
d’image céphalométrique ; et
en ce que ledit manipulateur (103) déplace de ma-
nière synchronisée la source de rayons X (102) et
le dispositif d’imagerie (101) le long dudit profil
d’exposition ; et
en ce qu’il comprend une mémoire destinée à en-
registrer lesdites multiples images produites par le
dispositif d’imagerie (101) au cours de l’exposition
dudit objet à imager.
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